Quantification of Soil Carbon Pools Using 14C
Carbon 14, the radioactive isotope of carbon, is a useful tool for deciphering the dynamics of carbon cycling in soils [Stout et al., 1981 Table 2 ), despite their differences in location and particle size. As far as it was possible to ascertain, all of the tropical sites were undisturbed primary forest at the time of sampling.
METHODS
All archived soils were stored dry, and had been sieved to remove components > 2 mm, including large root fragments. Contemporary soil samples collected for this study were sieved to remove components >2 mm, and either oven-dried or stored in a refrigerator prior to analysis.
Fractionation of the soil organic matter followed the method described by Trumbore et al. [1989] and is illustrated in Figure 1 . Initial acidification to remove calcium carbonate (not present in any of the four profiles) was followed by a density separation The tropical soil samples from Reserva Ducke obtained by Leenheer [1980] represent the organic matter extracted by base (NaOH), and subsequently purified using XAD-8 resin [Leenheer, 1980] Table 1 ).
Although agreement between %C values obtained in this study with these previous results was generally good, some discrepancies exist. The most likely cause for the differences lie in the use of different methods for determining %C [Jenny, 1950] . The %C was converted to a carbon inventory using bulk density data obtained during profile collection, or estimated using equations by Zinke et al [1984] . Errors due to the problems with discrepancies in %C and estimation of bulk density are large and difficult to estimate, but, in general, where soil bulk density is known and %C determinations agree with previous determinations, are estimated at 10-20% of the total reported soil carbon content. The effectiveness of the acid hydrolysis fractionation method may be assessed using a similar comparison of prebomb and postbomb radiocarbon data. For example, the predicted increase in 14C for the 6N hydrolysis residue for the 0-22 cm layer of the temperate soil (Ultisol) should be from -108%• (1/rd about 1000 yr) to-100 %o. The observed increase was greater, to -5%o. Hydrolysis of the tropical soil dense fraction in 6N HC1 produced no change in the radiocarbon content of the nonhydrolyzed organic matter. Thus, the residual organic matter after acid hydrolysis still rapresents a mixture of more rapidly and more slowly cycling material. Although not in itself sufficient to predict the carbon dynamics, the 6N HC1 hydrolysis does isolate a more 'passive' fraction in the temperate soil.
As a chemically based fractionation scheme for separating organic matter into labile and refractory Jenkinson et al. [1991, 1992] point out that one of the benefits of a more quantitative understanding of the soil carbon cycle is in improved estimates of the annual input of carbon to soils. The annual input of carbon may be estimated from the amount of carbon in pools with turnover times of _< 10, 100, 1000, and 10,000 years, and the assumption that the soil carbon is at steady state (see Figure 3) . At steady state, the annual loss of carbon from the soil equals annual inputs and is the sum of the products of carbon inventory and turnover time for the five SOM pools (including the low density fraction as a separate pool). The calculation of inputs is shown in Table 3 Estimates of annual carbon inputs for both soils have an additional 10 -20% error reflecting the uncertainty in soil carbon inventory. Table 4 
